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6XSSRUWHGLRQLFOLTXLGPHPEUDQHVIRUUHPRYDORISHUVLVWHQWRUJDQLFSROOXWDQWVGLR[LQV
36.XONDUQL/1HYHV,&RHOKRVR&$0$IRQVR-*&UHVSR
5(48,07(3RUWXJDOL0HG8/3RUWXJDO0LQLVWU\RI'HIHQFH,QGLD
3HUVLVWHQW2UJDQLF3ROOXWDQWV323VDUHFKHPLFDOVXEVWDQFHVWKDWSHUVLVW LQWKHHQYLURQPHQW
ELRDFFXPXODWH WKURXJK WKH IRRG ZHE DQG SRVH D ULVN RI FDXVLQJ DGYHUVH HIIHFWV WR KXPDQ
KHDOWKDQGWKHHQYLURQPHQW7KH\DUHVHPLYRODWLOHDSURSHUW\ZKLFKSHUPLWVWKHVHFRPSRXQGV
HLWKHU WR YDSRUL]H RU WR EH DGVRUEHG RQ DWPRVSKHULF SDUWLFOHV 7KH\ WKHUHIRUH XQGHUJR ORQJ
UDQJH WUDQVSRUW LQ DLU DQGZDWHU IURPZDUPHU WR FROGHU UHJLRQV RI WKH ZRUOG $OWKRXJKPDQ\
GLIIHUHQWFKHPLFDOVERWKQDWXUDODQGDQWKURSRJHQLFPD\EHGHILQHGDV323VFRPSRXQGV
NQRZQ DV WKH GLUW\ GR]HQ DOO FKORULQHFRQWDLQLQJ RUJDQLF PROHFXOHV KDYH EHHQ OLVWHG DV
SULRULW\SROOXWDQWVE\ WKH8QLWHG1DWLRQV(QYLURQPHQW3URJUDPPH81(3GXH WR WKHLU LPSDFW
RQKXPDQKHDOWKDQGHQYLURQPHQW>@'LR[LQV3&''V	3&')VWKDWPDLQO\RULJLQDWHIURPWKH
LQFLQHUDWLRQDQGFRPEXVWLRQVRXUFHVDUHDPRQJVW WKHWZHOYH323VLQFOXGHG LQ WKH81(3 OLVW
'LR[LQVDUHSUHGRPLQDQWO\SURGXFHGE\WKHUPDOSURFHVVHVVXFKDVLQFLQHUDWLRQDQGFRPEXVWLRQ
DWFRQFHQWUDWLRQVLQWKHUDQJHRIQJ,7(4NJ>@
,Q WKLVZRUNDQHZDSSURDFK IRU WKH UHPRYDO RI GLR[LQV IURPKLJK WHPSHUDWXUH YDSRU
VWUHDPVXVLQJIDFLOLWDWHGVXSSRUWHGLRQLFOLTXLGPHPEUDQHV6,/0VLVSURSRVHG>@6XSSRUWHG
OLTXLG PHPEUDQHV ZHUH SUHSDUHG E\ VXFFHVVIXOO\ LPPRELOL]LQJ WKH LRQLF OLTXLGV
WULFDSU\OPHWK\ODPPRQLXP GLF\DQDPLGH >$OLTXDW@>'&$@ DQG QRFW\O PHWK\O LPLGD]ROLXP
GLF\DQDPLGH >2PLP@>'&$@ LQVLGH WKH SRURXV VWUXFWXUH RI FHUDPLFPHPEUDQHV 7KH SRURXV
LQRUJDQLFPHPEUDQHVWHVWHGZHUHPDGHRIWLWDQLXPR[LGH7L2ZLWKDQRPLQDOSRUHVL]HRI
QP DQG DOXPLQXP R[LGH $O2 ZLWK D QRPLQDO SRUH VL]H RI  QP7KH LRQLF OLTXLGV ZHUH
FKDUDFWHUL]HGDQGWKHPHPEUDQHSHUIRUPDQFHZDVDVVHVVHGIRUWKHUHPRYDORIGLR[LQV
$ VFKHPDWLF GUDZLQJ RI WKH GLR[LQ UHPRYDO DSSDUDWXV LV VKRZQ LQ )LJXUH  ,W LV PDLQO\
FRPSRVHGRIDQRYHQLQVLGHZKLFKDVWDLQOHVVVWHHOGLR[LQYDSRUJHQHUDWLRQFHOODDQGDYDSRU
SHUPHDWLRQFHOOEZHUHSODFHG7RHYDOXDWHWKHSRWHQWLDORI6,/0VIRUWKHUHPRYDORIGLR[LQV
H[SHULPHQWVZHUHFRQGXFWHGDWGLIIHUHQWWHPSHUDWXUHVEHWZHHQ&DQG&)LUVWO\D
VPDOO DPRXQW RI GLR[LQ LQ WKH VROLG VWDWH ZDV SODFHG LQ WKH GLR[LQ YDSRU JHQHUDWLRQ FHOO DQG
WHPSHUDWXUHZDVLQFUHDVHGGXULQJKRXUEHWZHHQ&DQG&LQRUGHUWRPHOWWKHVROLG
GLR[LQ WR LWV OLTXLG IRUP$IWHUZDUGVD1GLR[LQPL[WXUHZDVJHQHUDWHGE\VSDUJLQJ1 LQ WKLV
UHVHUYRLUDWDFRQWUROOHGPDVVIORZUDWH,WVKRXOGEHQRWHGWKDWERWKFRPSDUWPHQWVLQWKHYDSRU
SHUPHDWLRQFHOODUHDOZD\VSXUJHGZLWK1EHIRUHHDFKH[SHULPHQW7KLVVWUHDPHQULFKHGZLWK
GLR[LQ YDSRU ZDV FLUFXODWHG WKURXJK &RPSDUWPHQW  LQ WKH YDSRU SHUPHDWLRQ FHOO ZKLFK
FRPSULVHV WZR LGHQWLFDO FRPSDUWPHQWV VHSDUDWHG E\ WKH6,/07KH1 SDUWLDO SUHVVXUH LQ WKH
IHHGFRPSDUWPHQW &RPSDUWPHQWDQG LQ WKHSHUPHDWHFRPSDUWPHQW &RPSDUWPHQWZDV
NHSWFRQVWDQW7KHYROXPHRIERWKFRPSDUWPHQWVLVP$JDVIORZPHWHUZDVXVHGWR
PHDVXUHWKHJDVIORZLQERWKFRPSDUWPHQWV'LR[LQSHUPHDWLRQH[SHULPHQWVZHUHSHUIRUPHGIRU
KUV3HUPHDWHVZHUHFROOHFWHGE\XVLQJFROG WUDSVZLWKGU\ LFHDQG OLTXLG17KHFROOHFWLQJ
WUDSV ZHUH ZDVKHG ZLWK GLFKORURPHWKDQH DQG WKH GLR[LQ WUDQVSRUWHG WKURXJK WKH 6,/0 ZDV
GHWHUPLQHGXVLQJDJDVFKURPDWRJUDSKZLWKDWKHUPDOFRQGXFWLYLW\GHWHFWRU*&7&'
,Q UHDO FRQGLWLRQV WKH UHOHDVHRIGLR[LQV IURP WKHUPDO VRXUFHVRFFXUVDW WHPSHUDWXUHVKLJKHU
WKDQ&7KHUHIRUHSHUPHDWLRQVWXGLHVZHUHFDUULHGRXWDWGLIIHUHQWWHPSHUDWXUHVWRYHULI\
LWV LPSDFWRQGLR[LQ GLEHQ]RSGLR[LQSHUPHDELOLW\([SHULPHQWVZHUHFRQGXFWHGDW
DQG&)RUWKLVSXUSRVHWKH>$OLTXDW@>'&$@LRQLFOLTXLGZDVLPPRELOL]HGLQDQP$O2
FHUDPLFPHPEUDQHDQGD IORZ UDWHRIFP1PLQZDVNHSW LQERWK WKHFRPSDUWPHQWV
)LJXUH  VKRZV WKDW ZLWK WKH LQFUHDVH LQ WHPSHUDWXUH WKH SHUPHDELOLW\ RI GLR[LQ GLEHQ]RS
GLR[LQLQFUHDVHV)XUWKHUWKHUHZDVQRORVVRIWKHLRQLFOLTXLG>$OLTXDW@>'&$@DWDOOWHPSHUDWXUHV
WHVWHGZKLFKZDVYHULILHGE\ZHLJKLQJWKHPHPEUDQHEHIRUHDQGDIWHU WKHH[SHULPHQW7KHVH
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UHVXOWVGHPRQVWUDWHWKHRSHUDWLQJVWDELOLW\RIFHUDPLFPHPEUDQHVZLWKLPPRELOL]HGLRQLFOLTXLGV
DWKLJKWHPSHUDWXUHV>@
'LIIHUHQWPDWHULDOVPHPEUDQHSRUHVL]HW\SHRILRQLFOLTXLGDQGGLR[LQDQGGLIIHUHQWRSHUDWLQJ
FRQGLWLRQVWHPSHUDWXUHDQGIORZUDWHZHUHWHVWHGLQRUGHUWRHYDOXDWHWKHHIILFLHQF\RI6,/0V
IRU GLR[LQ UHPRYDO $OO PHPEUDQHV SUHSDUHG ZHUH VWDEOH DW WHPSHUDWXUHV XS WR &
([SHULPHQWVZLWKPRGHOLQFLQHUDWLRQJDVZHUHDOVRFDUULHGRXWDQGWKHUHVXOWVREWDLQHGYDOLGDWH
WKH SRWHQWLDO RI XVLQJ FHUDPLF PHPEUDQHV ZLWK LPPRELOL]HG LRQLF OLTXLGV IRU WKH UHPRYDO RI
GLR[LQVIURPKLJKWHPSHUDWXUHYDSRXUVRXUFHV

)LJXUH6FKHPDWLFGUDZLQJRIGLR[LQUHPRYDOIURPPRGHOLQFLQHUDWLRQVRXUFH


)LJXUH 'LEHQ]RSGLR[LQ SHUPHDELOLW\ WKURXJK D  QP $O2 FHUDPLFPHPEUDQH
ZLWKLPPRELOL]HG>$OLTXDW@>'&$@DVDIXQFWLRQRIWHPSHUDWXUHIORZUDWHRIFPPLQ

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